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The observation of meson and baryon grouping in the Rcp and v% measurements at 
intermediate pt has been interpreted as a manifestation of bulk partonic matter hadroniza- 
tion through multi-parton dynamics such as recombination of partons. mesons provide 
unique sensitivity to test these theoretical scenarios, since the has a mass heavier than 
the proton and close to the hyperons. The Rcp and t>2 measurements of mesons from 
Run IV Au+Au collisions at y / J/v~/v = 200 GeV at STAR are presented. Energy and 
colliding system dependence of the yields at mid-rapidity are discussed. The results 
are compared to the measurements of other hadrons. Properties of strange quarks in the 
bulk matter at hadron formation are discussed. 

1. INTRODUCTION 

Strange particle production may be sensitive to the existence and properties of a decon- 
fined partonic state formed in relativistic heavy-ion collisions. Current measurements of 
identified hadrons by STAR (K° and A) [Q] and PHENIX (proton and tt°) [E] show that 
the nuclear modification factor (Rcp) for the A differs from that of the K® and Rqp for 
the proton differs from that of the 7r°, which indicates a dependence on particle species 
of particle production. This phenomenon can be explained by quark coalescence or re- 
combination models [E1IUE|, in which the hadrons at intermediate px are predominantly 
formed by the coalescence of constituent quarks from a thermalized partonic system. The 
meson is of particular interest in distinguishing between dependence on mass or parti- 
cle species, since the meson has a mass similar to that of the A baryon. Since the 
interaction cross-section with other hadrons is small [El, will retain information from 
the early hot and dense phase. Additionally, since kaon coalescence has been ruled out as 
the dominant production mechanism at RHIC [G}, measurements of elliptic flow (t^) 
of should be a sensitive probe for the build-up of pressure in the early reaction stage of 
relativistic heavy ion collisions. 

2. TRANSVERSE MASS DISTRIBUTION 

Reconstruction of mesons is accomplished by calculating the invariant mass (rrii nv ) of 
all possible pairs of K + and K~ candidates in each event for each transverse momentum 
(jpx) bin and centrality bin. The combinatorial background is calculated by using the 
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mixed-event technique [ |7J |HJ E|. The transverse mass distributions of <fi mesons from 

Au+Au collisions (at 62.4GeV, 130GeV [[TO] and 200 GeV, Run II and Run IV datasets), 

d+Au [|TT| and p+p [|7j collisions (at 200 GeV) are measured at STAR. The collisions 

are divided into different centrality classes, where each centrality bin corresponds to a 

certain fraction of the total hadronic cross-section. The measured STAR <ft meson spectra 

for y/SNN = 200 GeV Au+Au collisions are consistent across the Run II and Run IV 

datasets. 
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Figure 1. The transverse mass distributions Figure 2. < > as a function of par- 
of mesons for the most central collisions ticipant number. Error bars are statistical 
for different collision systems. Error bars are errors only, 
statistical errors only. 

In order to compare the spectral shapes, the most central spectra for different collision 
systems are plotted together in Figure ^ R can be seen that the meson spectra for 
Au+Au collisions in the measured pr range can be described by an exponential function 
for all collision energies. The spectra for d+Au and p+p collisions deviate from the 
exponential distribution and have a power-law tail in the intermediate pt range, where 
the double-exponential function [ can reproduce the experimental data well. Due to 
the limited pt range for Au+Au collisions, measurements at (m t -m^) >2.5 GeV/c 2 may 
be necessary to see if a power-law tail exists. 

The system-size and beam-energy dependence of < pt > is shown in Figure 121 For 
different collision systems at 200 GeV, the < px > increases from p+p to d+Au collisions 
as a function of participant number (N part ). < p T > in Au+Au collisions doesn't 
change significantly within error bars, unlike the general increasing trend for p, K~ and 
7T~ [ [7] . This is consistent with an early freeze-out scenario for the 0-meson. If the 
hadronic scattering cross-section is much smaller than that of other particles, one would 
not expect the < pr > distribution to be appreciably affected by any final state hadronic 
rescatterings. It is also seen that the < pt > of the meson in Au+Au collisions at 
62.4GeV is lower than that at 200 GeV. Since the < > carries information about 
radial flow, it may be different at different collision energies. 

3. NUCLEAR MODIFICATION FACTOR (R CP ) 

Rcp is calculated as the ratio of the yields from central collisions to peripheral collisions 
scaled by the mean number of binary collisions. Comparisons of the Rcp for Au+Au 



Rcp and v 2 of mesons at RHIC 
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collisions (Kg,<p and A) and d+Au collisions (K®,(j),A and S) at 200 GeV are shown in 
Fieure El and Fieure |U resDectivelv. Only statistical errors are included in the figures. 
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In both collision systems at intermediate pt, the Rcp of baryons (A and S) is larger 
than that of mesons (K® and 0), which implies that particle production in this px region 
is driven by the particles' types, not their masses. The Rcp results are consistent with 
the partonic recombination model predictions [EJI3JE] that the centrality dependence of 
the yield at intermediate pt depends more strongly on the number of constituent quarks 
than on the particle mass. There also may be a tendency for values of Rcp for all particles 
to approach each other at high px- For 200 GeV d+Au collisions, the measurements are 
consistent with the proposal by Hwa and Yang [H3j that the particle type dependence of 
the Cronin effect may not be due to the initial parton scatterings alone. More data are 
needed for a firm conclusion. 

4. ELLIPTIC FLOW OF MESONS IN 200 GeV Au+Au COLLISIONS 

The first measurements of t; 2 for at mid-rapidity in Run IV 200 GeV Au+Au collisions 
are presented in Figure El The v 2 is calculated as (cos[2(0j — ^ l RP )}) and the auto- 
correlation is subtracted [El- It can be seen that the v 2 of increases monotonically 
for pt < 2.0GeV/c and becomes flat in the intermediate pt range. Within statistical 
uncertainties, the minimum-bias meson results are similar to the v 2 of the K®, which 
shows number of constituent quarks scaling [El El- However, the error bars in the 
intermediate pt range are still large. 

5. CONCLUSION 

In summary, the measurements of transverse mass distributions at mid-rapidity from 
different collision systems at RHIC are reported. It is found that the shape of the spectra 
for Au+Au collisions in a limited pt range can be described by an exponential function, 
while the spectra of d+Au and p+p collisions have a power-law tail in the intermediate 
Pt range and the double exponential function fits the data well. The Rcp for mesons 
in 200 GeV d+Au collisions shows the Cronin effect as seen in low energy p+A collisions 
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Figure 3. The ratio of yields in central colli- 
sions over peripheral collisions (Rcp) nor- 
malized by (Nbi n ) m Au+Au collisions at 
200 GeV. 
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Figure 5. The v% parameter for <ft meson as a funtion of px- In comparison, the v 2 for K® 
and A has also been plotted. Systematic uncertainties from comparison of two methods 
are shown as gray bands. 

[ IT5|. The Rqp measurements are divided into two groups in both 200 GeV d+Au and 
200 GeV Au+Au collisions in the intermediate p? range, where the Rcp of baryons (A 
and S) is larger than that of mesons (K® and 0). This particle species dependence of 
Rcp will constitute a unique means to investigate the hadronization mechanism of the 
dense matter formed in nucleus-nucleus collisions. The measurements of v 2 for <fi mesons 
in Run IV 200 GeV Au+Au collisions at STAR are also presented. It is seen that the v-i 
of cf) meson is similar to that of K®. Since the (f> meson is not produced via K + K~ fusion 
[|7], this implies partonic collectivity at RHIC. 
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